MIRKO DANZ, JOHANNES EXTRA & MICHAEL FRANKE, citizens 
of Germany, whose residence and post office addresses are 
Altdorfer Strasse 35, 90537 Feucht, Germany; Luitpoldstrasse 48, 
91052 Erlangen, Germany; and Naturbadstrasse 2a, 

91056 Erlangen-Dechsendorf, Germany, respectively, have invented certain new 
and useful improvements in a 



PROJECT DESIGN METHOD 



of which the following is a complete specification: 



PROJECT DESIGN METHOD 



CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims the priority of German Patent Application, 
Serial No. 102 54 012.8, filed November 19, 2002, pursuant to 
35 U.S.C. 119(a)-(d), the disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a project design method for a 
configurable system with several components for automating a control sequence, 
in particular a motion sequence. During the control sequence, for implementing 
the automation, each component exchanges information with other components 
in regular time intervals via communication relationships. The control sequence 
can include controlled movements, for example a movement of an element from 
one end position to another end position. The control sequence can also include 
guided movements, for example a displacement of an element according to a 
predetermined velocity profile or a predetermined travel path. 

[0003] A number of configurable, in particular modular, systems for 
automating a mechanical movement are known in the art. Particular examples of 
such systems are folding and insertion machines. 
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[0004] Systems of this type frequently communicate with each other 
through a clock-synchronized deterministic communication, which is based on a 
statistic design of the communication relationships. The control sequence can be 
automated by having the components exchange information in regular intervals 
during the control sequence via these communication relationships. 

[0005] The communication relationships are typically designed by using a 
design tool supplied by the manufacturer of the modular system or by the 
manufacturer of the controller for the modular system. The project design is 
loaded into the system or its components. The project design for each system is 
limited to the corresponding specific configuration. The operator of the system is 
typically not able to make changes. 

[0006] The operator can be given the opportunity to make changes in the 
configuration by designing all possible communication relationships ahead of 
time. This approach, however, could have the following two disadvantages. On 
one hand, the components would then always exchange information, even if no 
useful data need to be transmitted between the existing components. This 
results in a significant work load of the communication system. In addition, error 
correction measures would have to be implemented, in the event that one 
component attempts to communicate with another component which does not 
exist in the actual system configuration. Accordingly, error correction measures 
would have to be implemented when one component does not receive an answer 
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during communication, because its communication partner is non-existent in the 
system. 



[0007] It would therefore be desirable and advantageous to provide an 
improved project design method for a configurable system, which obviates prior 
art shortcomings and is able to specifically allow an operator of the system to 
reconfigure the system while also changing the system project design as a result. 



SUMMARY OF THE INVENTION 



[0008] According to one aspect of the invention, a project design method 
for a configurable system with several components for automating a control 
sequence, in particular a motion sequence, is disclosed. For implementing an 
automation of the control sequence, each component exchanges during the 
control sequence in regular time intervals information with other components via 
communication relationships. The system selects exactly one system project 
design from a plurality of system project designs, based on the topology and 
functionality of the system components. The selected system project design 
contains exactly one component project design for each component of the 
system, whereby the system then uses the corresponding component project to 
design each of the system's components. Each component implements the 
communication relationship to the other components according to its own 
component project design. 
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[0009] Embodiments of the invention may include one or more of the 
following features. The system may obtain the topology and functionality of the 
components through user input. For example, the user input for at least one 
component can include a default value relating to the component's mechanical 
and/or electrical functionality. Moreover, the user input for at least one 
component can include a default value, wherein the at least one component 
mechanically and/or electrically cooperates with at least one additional 
component. More particularly, the user input thereby includes the system- 
external characteristic of the component, but not the data-related project design 
itself. 

[0010] Alternatively, the system can also automatically determine the 
topology and functionality of its components. No user input is required if the 
topology and functionality of the components is completely determined. 

[0011] It is also possible that the system only determines the topology of 
the components and then supports a user determine the system project design. 
For example, the system can make a preselection and offer the user only a 
selection limited to the remaining possibilities. 

[0012] The topology of the components can usually be identified from an 
identifier of a plug-in place, optionally in conjunction with determining the type of 
the various components. Optionally, assuming that a suitable communication 
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structure exists, each component can determine its next neighbor, with the 
topology then being determined based on this information. 

[0013] The components can also be identified by using a central unit to 
read from the components particular codes that indicate the type of the 
components. Preferably, the central unit can read from the components those 
component codes that are individually assigned to the components - e.g., MAC 
addresses (MAC = medium access control) and identify the components based 
on these component codes. The component codes can be organized so that two 
otherwise identical components can have different codes. The central unit can 
determine the type based on an association of the component type with the 
identified component code. 

[0014] The various system project designs can be stored centrally, and the 
component project designs of the selected system project designs can be 
transmitted to the components. In this case, the system project designs can be 
stored either within a central unit or external to the system. 

[0015] The component project designs can also be stored in the 
corresponding components, and the central unit can transmit to the components 
selection commands for selecting the component project designs of the selected 
system project design. 
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[0016] In both cases, the components activate the communication 
relationships implemented by the components only based on a common 
activation command. 

[0017] Preferably, the topology of the components can be accessed by an 
application program, whereby the implementation of communication can be 
optimized within the application program. 

BRIEF DESCRIPTION OF THE DRAWING 

[0018] Other features and advantages of the present invention will be 
more readily apparent upon reading the following description of currently 
preferred exemplified embodiments of the invention with reference to the 
accompanying drawing, in which: 

[0019] FIG. 1 shows schematically a configurable system for 
automating a control sequence; 

[0020] FIG. 2 shows a schematic flow diagram; 

[0021] FIG. 3 shows a schematic system project design; 

[0022] FIG. 4 shows schematically a flow diagram for automatically 
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design component relationships; 

[0023] FIG. 5 shows schematically a flow diagram for automatically 
design a system project; 

[0024] FIG. 6 shows schematically a flow diagram for determining a 
component ID; 

[0025] FIG. 7 shows schematically a flow diagram for resolving a 
topological ambiguity; and 

[0026] FIG. 8 shows a schematic component of the configurable 
system. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0027] Throughout all the Figures, same or corresponding elements are 
generally indicated by same reference numerals. These depicted embodiments 
are to be understood as illustrative of the invention and not as limiting in any way. 
It should also be understood that the drawings are not necessarily to scale and 
that the embodiments are sometimes illustrated by graphic symbols, phantom 
lines, diagrammatic representations and fragmentary views. In certain instances, 
details which are not necessary for an understanding of the present invention or 
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which render other details difficult to perceive may have been omitted. 

[0028] Turning now to the drawing, and in particular to FIG. 1 , there is shown a 
system for automating an industrial control sequence, in particular a motion sequence, 
which includes a central unit 1 and a man-machine interface 2, hereinafter referred to 
as HMI 2. A cable 3 runs from the central unit 1 to an plug-in place 4, etc. From this 
plug-in place, a further cable 3 runs to an additional plug-in place 4. A cable 3 runs 
from the last plug-in place 4 to the HMI 2, which is likewise connected via a cable 3 
with the central unit 1 . A module 5 can be inserted in each of the plug-in places 4. 

[0029] The system for automating the control sequence therefore has a cyclical 
organization. It typically consists of the central unit 1, the HMI 2 and several modules 
5. The modules 5 are exchangeable and form together with the central unit 1 and the 
HMI 2 the components 1 , 2, 5 of the system. A different configuration of the system is 
obtained depending on which of the modules 5 are used, how the individual modules 5 
cooperate with each other mechanically and/or electrically, and how the modules 5 are 
arranged, connected and designed. In other words, the system is configurable. 

[0030] Each component 1, 2, 5 of the system can communicate with its 
neighbor to the left as well as with its neighbor to the right. In other words, a 
communication relationship is established between neighbors. The components 1, 2, 5 
exchange information with each other via the communication 
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relationships for implementing the automation of the control sequence, i.e. during 
normal operation. The information exchange between each of the 
components 1 , 2, 5 occurs alternatingly to the left and to the right. The 
communications occur in regular time intervals T, e.g. according to the IRTE 
protocol (IRTE = industrial real time Ethernet). 

[0031] When the system starts up, the central unit 1 performs the process 
depicted in FIG. 2, which will now be described: 

[0032] In step 21, the central unit 1 initially requests from an operator 6 
information about the topology and functionality of the components. In a 
following step 22, the central unit 1 selects exactly one system project design 
from a plurality of system project designs based on the predetermined topology 
and functionality of the components. 

[0033] According to FIG. 1, the plurality of system project designs SP1 ... 
Spn is centrally stored in the central unit 1. Alternatively, as indicated in FIG. 1 
by the dotted line, the system configurations SP1 ... Spn can also be stored 
centrally, but outside the central unit 1 or even external to the system. In this 
case, the system project designs SP1 ... Spn can be stored, for example, in a 
central computer 7 which can be accessed by the central unit 1 via a computer 
network 8, for example the Internet 8. Mixed implementations are also feasible. 
For example, a mapping routine could be stored in the central unit 1, for example 
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in the form of a lookup table, based on which the required system project 
design SPi can be determined from the topology and functionality of the 
components 1, 2, 5 of the system. The system project designs SP1 ... Spn can 
be stored, for example, in the central computer 7. 

[0034] According to FIG. 3, each of the system project designs 
SP1 ... Spn, in particular the selected system project design SPi, includes a 
component project design KP1i, KPmi for each component 1 , 2, 5. In step 23, 

the central unit 1 transmits the component project designs KP1i KPmi to 

the HMI 2 and the modules 5. A transmission to the central unit 1 is for obvious 
reasons unnecessary. 

[0035] In step 24, the central unit waits for a confirmation from the HMI 2 
and the modules 5, respectively, to confirm that the HMI 2 and the modules 5 
have successfully concluded their project design. Only after the confirmations 
have been received does the central unit 1 transmit in step 25 a common 
activation command to the components 2, 5. In step 26, the central unit 1 then 
makes available to an application program at least the topology of the 
components 1, 2, 5. The central unit 1 then resumes its normal operation in 
step 27. 

[0036] The components 1,2,5 can automatically perform their own project 
design, as depicted in step 42 of FIG. 4, according to the corresponding 
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component project design KPji. Accordingly, the components 1,2,5 establish in 
step 42 the communication relationships to their neighboring components 1, 2, 5. 
With the exception of the central unit 1, the components 2, 5 receive in step 41, 
i.e., prior to executing step 42, the corresponding component project designs KPji 
for each component 2, 5. 

[0037] The components 1, 2, 5 then test the communication relationships 
in step 43. If the communication relationships to the other components 1, 2, 5 
were successfully established, then the components 2, 5 transmit in step 45 a 
confirmation message to the central unit 1 . The components 2, 5 then wait in 
step 46 for transmission of the activation command. The components 2, 5 
resume normal operation in step 47 only after receipt of the activation command. 

[0038] If errors in the communication relationships were detected in 
step 44, then the process branches to step 48. In step 48, the components 2, 5 
transmit an error message to the central unit 1 . 

[0039] The aforedescribed project design method can always be 
performed, but is burdensome for the operator 6. It would be more convenient 
for the operator 6, if the system could automatically select the system project 
design SPi, as far as this is feasible. Such an approach will be described 
hereinafter with reference to FIG. 5. The flow diagram of FIG. 5 is essentially an 
embodiment of step 21 of FIG. 2. 
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[0040] According to FIG. 5, in step 51 , the central unit requests information 
from a user 6 about the identity of the component 5 arranged in the first plug-in 
place 4. The central unit 1 then checks in step 52 if the inputted component 5 
can perform only a single mechanical and/or electrical functionality. If the 
component 5 is capable of performing several functionalities, then the central 
unit 1 will ask the user 6 in step 53 which functionality is to be implemented. 
Otherwise, the central unit 1 continues directly with a step 54. 

[0041] In step 54, the central unit 1 checks if the communication 
relationships of the last entered component 5 are unique. If this is not the case, 
then the central unit 1 asks the user 6 in step 55, with which additional 
components 1, 2, 5 the entered component 5 is supposed to cooperate 
mechanically and/or electrically. In step 56, it is then checked or inquired if all 
modules 5 have been entered. It is not the case, then the process returns to 
step 51 ; otherwise the process continues with step 22 of FIG. 2. 

[0042] According to FIG. 5, the user input for the components 5 includes a 
default value of their mechanical and/or electrical functionality as well as a 
default condition specifying the additional components 1, 2, 5 with which the 
components 5 are supposed to cooperate mechanically and/or electrically. User 
input is only requested if necessary for determining the system project 
design SPi. 
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[0043] As indicated in FIG. 1 by the dashed line, step 57 can be carried 
out instead of step 51. In step 57, the central unit 1 automatically interrogates 
the various plug-in places 4 and determines which modules are arranged in the 
corresponding plug-in places 4. In other words, the central unit 1 automatically 
determines the topology of the components 1 , 2, 5 of the system. 

[0044] If the functionality of the components 5 based on the determined 
modules 5 is already unique, then the system can also automatically determine 
its system project design SPi based on the automatically determined 
components 1, 2, 5 and their topology. Even if this is not the case, at least the 
number of input parameters to be entered by the user 6 can be minimized. In 
this case, too, the system supports the user 6 determine the system project 
design SPi. 

[0045] The individual plug-in places 4 can be interrogated in a known 
manner, for example, by plug-in place identification and/or (physical) plug-in 
place addressing. For example, the type of the existing modules 5 can be 
determined by interrogating the plug-in places 4. However, in step 61, the 
central unit 1 according to FIG. 6 may initially read component codes from the 
components 2, 5. The component codes individually identify the respective 
component 5. In other words, the component codes not only indicate the type of 
the component 5, but also differentiate the component from other components 5 
of the same type. The component codes are therefore unique for the 
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corresponding physical component 5. 



[0046] The component codes are organized according to a known 
scheme. The central unit 1 is therefore able to determine the components 5 (or 
their type, which is essential here) based on the component codes interrogated in 
step 61. 

[0047] If the corresponding system project design SPi could not be 
uniquely determined based on the topology that was automatically determined by 
the system, then the method according to FIG. 7 is preferably carried out. 

[0048] According to FIG. 7, in step 71, the central unit 1 first determines 
the topology of the system. In step 72, the central unit 1 then determines the 
possible system project designs SPi and their overall number. In step 73, the 
central unit 1 checks if this overall number is equal to one. If this is the case, 
then the process continues with step 22 of FIG. 2. Otherwise, in step 74, input is 
requested from a user 6 in order to more accurately determine the system project 
design SPi. The process then returns from step 74 to step 72. Depending on the 
type of the employed components 1, 2, 5, the system can therefore use the 
topological information to determine in part or completely the system project 
design SPi of the system. Here, too, the user 6 is aided to the greatest extent 
possible. 
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[0049] In the aforedescribed embodiment of the invention, the system 
project designs SP1 ... SPn are stored in the central unit 1 or external to the 
system. According to FIG. 8, the component project designs KPji can also be 
stored in the corresponding components 2, 5. In this case, step 23 of FIG. 2 has 
to be modified. Instead of transmitting the actual component project 
designs KPji, the central unit 1 then transmits to the components 2, 5 only 
selection commands for selecting the corresponding component project 
designs KPji. 

[0050] The project design method of the invention hence makes it easy for 
an end user or operator 6 to reconfigure the system, including changing designs 
and implementing new designs. 

[0051] While the invention has been illustrated and described in 
connection with currently preferred embodiments shown and described in detail, 
it is not intended to be limited to the details shown since various modifications 
and structural changes may be made without departing in any way from the spirit 
of the present invention. The embodiments were chosen and described in order 
to best explain the principles of the invention and practical application to thereby 
enable a person skilled in the art to best utilize the invention and various 
embodiments with various modifications as are suited to the particular use 
contemplated. 
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[0052] What is claimed as new and desired to be protected by Letters 
Patent is set forth in the appended claims and includes equivalents of the 
elements recited therein: 
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